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A natural compound for prevention and treatment of dlabetes ^rocess 

for preparing the same, and pharmaceutical use thereof 



Technical field 

The present Invention relates to a natural compound, 5-Omethyl-/n/o-lnositol 
(Sequoyitol); which is extracted and separated from Taxus spp. In particular Taxus 
yunnanensis Cheng et L. K, Fu, Taxus chlnensis var, malrai (Lemee et Levi) 
Cheng et L. K. Fu. etc., to a process for preparing the same, and to 
pharmaceutical use thereof. 

Background art 

With the acceleration of aging proceeding of population in the worid, diabetes is a 
common and frequently occuning disease. At present, the pathogenesis of 
dlat>ete8 Is still not clear, and the treatment for diabetes is mainly to alleviate 
hyperglycemia and to prevent complications by using drugs. The inventions and 
applications of insulin and main chemically synthetic hypoglycemic agents for oral 
administration are helpful to diabetics, but they per se still have serious side 
effects such as hypoglycemia, lactic add intoxication, eta, which greatly limit their 
uses and therapeutic effects (Wang Zhongxiao, Journal of Shanxl Medical 
University, 31(6), 2000, pages 565-556). Thus, it Is urgent to search and develop 
novel hypoglycemic substances with high perfomiance, low toxicity, and high 
safety and reliability. 



According to Chinese medical documents. Taxus leaves have functions of diuresis, 
dredge the meridian passage, and can be used for treatment of diabetes (Glossary 



of Herbs and Drugs in China, the last volume (2*^ edition), Edited by Xie Zongwan, 
People' Medical Publishing House, page 722), and Taxus has special effect for 
treatment of diabetes (Gan Welsong, phannaceutical botany, 1991 , page 140), but 
the modem studies on antidiabetic components of Taxus and activity thereof are 
not found in the prior art. Wo deeply study the antidiabetic active components of 
Taxus and find that the natural compound, 5-0-methyl-myo-inosjtol (Sequoyitol). Is 
an antidiabetic active component having notable activity and very low toxicity, and 
has the following formula(l): 




(I) 



The mother nucleus of Sequoyitol (S-O-methyl-myo-lnositol) Is nTyo-inositol, which 
Is one of stereoisomers of cyclohexanol (cyclohexanol has several chiral centers, 
and thus has several stereoisomers). Some articles state that Sequoyitol exists in 
plants such as Taxus, PInus, Cypress, Cephalotaxus fortune!, Taxodlaceae, etc. 
(Phytochemistry. 1971, 11:245-250). The structure of pentaacetyl derivative of 
Sequoyitol was Identified by high resolution ^H-NMR (Phytochemistry. 
27(1 ):279-181, 1988). Phannacopoela of People's Republic of China (Edition 1970) 
records, myo-inosltol has vitamin-like function. However, antidiabetic activity of 
Sequoyitol Is not reported before. 

Contents of the invention 

Our studies disclose that Sequoyitol Is able to significantly alleviate hyperglyoemia 
of diabetes models, Inhibit the decomposition of hepatic glycogen and the 
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absorption of glucose, reduce blood fat level, Improve the metabolism of free 
radicals, and protect p cells of pancreatic Island: does not reduce nomnal 
blood-sugar level of mice; and has extremely low toxicity. Thus, Sequoyitol can be 
used for prevention and treatment of diabetes and complications thereof, for 
prevention and treatment of metabolic disorder-associated diseases (such as 
hyperiipemla, fatty liver, obesity, etc.), and for Improvement of the metabolism of 
free radicals. 

The present invention further provides a process for extracting Sequoyitol fiom 
Jaxus spp., said process comprising: extracting Taxus spp with organic solvents 
to obtain an extract , subjecting the extract to a diphase extraction and then 
column chromatography to collect fiBctions containing Sequoyitol, then 
concentrating, filtrating, drying, and recrystaliizdng to obtain a powder containing 
..Sequoyitol, wherein the organic solvent used for extraction comprises ethanol. 
methanol, acetone, and aqueous mixtures thereof, the solvents used for diphase 
extraction are water insoluble organic solvente, such as ethyl acetate, chiorofonti, 
dichioromethane. ethyl ether. The purification can be conducted by using various 
chromatographic and recf^tallizatlon methods alone or In comlwnatlon manner. 
The solvent system of recrystallization is a solvent system comprising ethanol, 
acetone, methylethyiketone. The chromatography may use macroporous resin 
columns (type D101, type NM-200, etc.). polygluoose or nradlfled glucose columns 
(Sephadex G or Sephadex-LH-20, etc.), cellulose columns, activated carbon 
columns, etc. The final product Is a crystalline powder, wherein the main effective 
component is Sequoyitol with a content of more than 90%. 

The present Invention further provides a pharmaceutical composition comprising 
said Sequoyitol and one or more adjuvants and/or excipients. Said phariTiaceutical 
composition may be processed in a pharmaceutical dosage form such as injection, 
capsule, tablet, granule, sugar-coated pill, solution, etc. 
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The present invention further provides a use of said Sequoyitol in manufacture of a 
medicament for treatment of diabetes. Said medicament is able to significantly 
alleviate hypefglycemla of diabetes, inhibit the decomposition of hepatic glycogen 
and the absorption of glucose, reduce blood fat level, Improve the metabolism of 
free radicals, and protect (3 cells of pancreatic island; and has a extremely low 
toxicity. Said medicament can be used for prevention and treatment of diabetes 
and complications In tenms of diabetic cardlovessel and cerebrovessel , and 
glycometabolic disorder-associated diseases, for Improve the metabolism of free 
radicals, and for prevention and treatment of type-ll diabetes and complications in 
temis of diabetic cardlovessel and cerebrovessel . 

More specifically, the process of the present invention to extract antidiabetic 
Sequoyitol from Taxus spp comprises: pulverizing the root, stem or leaf of Taxus 
epp to obtain a erode powder extracOng the crude powder with a solvent such as 
ethanol, methanol, acetone or aqueous mixture thereof at a temperature from O'C 
to reflux temperature, preferably at a temperature from room temperature to reflux 
temperature, more preferably at reflux temperature, for one to five times, wherein 
the amount of solvent is from 1:1 to 1:20 (weight/volume), preferably from 1:2 to 
1:10 (weight/volume), more preferably from 1:3 to 1:6; concentrating In vacuum to 
obtain an extract, subjecHng said extract to a diphase extraction between water 
and water Insoluble organic solvent (such as ethyl acetate, chloroform, 
dichloromethane, ethyl ether)/, and removing lipophilic organic layer, wherein the 
extract Is preferably organic solvent/water having a ratio of from 1:0.5 to 1:10; 
merging water layers, filtering, and separating with chromatography, wherein the 
examples of chromatography column are: macroporous resin columns such as 
01 01 type, NM-200 type (PUROLITE), etc.. polyglucose G or modified 



polyglucose columns such as Sephadex.LH-20. etc.. cellulose columns, and 
activated carbon columns, the corresponding eluents are used, and the elution is 
detected simultaneously; collecting elute fractions containing Sequoyitol. 
concentrating In vacuum, standing, and filtering to obtain a solid, then 
recrystailizing said solid with a solvent system such as ethanol. methanol, acetone, 
methyiethylketone, and drying to obtain a Sequoyitol. powder. The final product Is a 
crystalline powder having a Sequoyitol content of more than 90%. 

In the process of the present invention, the detection of fractions from the column 
chromatography is canled out by employing the fbllowing high perfbrmance liquid 
chromatography (HPLC) conditions: C18 column. Sum. 4.6 x 250 mm; a detection 
wavelength of 220 nm; a sample Injection of 20mI: a mobile phase of 
methanol-water (50:50) having a flow rate of 1.0 ml/min. which Is filtrated by 
suction with an 0.45Mm organ filtration membrane and is degassed before It Is 
used. 

The content of Sequoyitol in the product of the present invention is detected by the 
following HPLC method: the content was detected by precisely weighing about 25 
mg the product, placing in a 25 ml volumetric flask, adding 0.65 ml dilute sulfuric 
add-acetic anhydride (1:50). heating In a water bath for 20 minutes, cooling to 
room temperature, adding 15 ml methanol, shaking to unifonnity. adding water to 
reach the scale, shaking to unifonnity to obtain a sample solution. The HPLC 
conditions are the same as above. 

The sequoyitol of the present invention can be mixed with conventional adjuvants 
and/or excipients to forni various dosage fomis, such as injection, capsule, tablet, 
granule, sugar-coated pill, solution, etc.. for prevention or treatment of diabetes, in 
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particular type 1 1 diabetes. 

The dosage forms, such as capsule, tablet, granule, sugar-coated pill. etc.. can 
contain one or more conventional excipients. fillers and diluent , such as starch, 
miciocrystalllne cellulose, etc.; binder, such as carboxymethylceilulose. 
polyvinylpyrrolidone, etc.; humectant, such as glycerol; disintegrating agent, such 
as calcium carbonate, etc.; absorbent, kaolin, etc.; and lubricating agent, such as 
talc powder, etc. 

The pharmaceutically acceptable exdplents may be In various fomns such as solid, 
semisolid, liquid, etc., and the adjuvants may be various types. 

The solution may comprise general solvent, solubillzlng agent, emulsifying agent, 
preservative, etc.. such as water, ethanol. glycerol, polyvinyl glycol, benzyl 
benzoate, etc. 

The dosage forms, such as capsule, tablet, granule, sugar-coated pill, solution, 
etc.. can be prepared according to conventional methods by mixing Sequoyltol 
wKh one or more exclpients. 

The dosage fomis. solution or emulsion, for parenteral administration should be 
sterile and isofonic. 

Brief description of the drawings 

Fig. 1 is the X-ray single-crystal diffraction pattern of Ac-sequoyltOl prepared 
according to the following process. 



-6 



Optimlred Embodiments for carrying out the Invention 

The following examples further Illustrate the present invention in more detail, but it 
should be underetood that the examples are merely to illustrate the invention, 
rather than to restrict the scope of the present invention. 

Examplee 

60 kg crude powder of Taxus spp was extracted with fourfold volume of 90% 
ethanol for three times, the extracts were merged and concentrated to form a 
viscous solution; the viscous solution was further concentrated and dried in a 
rotary evaporator, and diphase extracted wlth1:1 (v/v) chlorofomr,A«ater. the 
aqueous layers wer« merged, filtrated, loaded on a macroporous resin column 
(Did type, domestic-made), and gradient eluted with distilled water and aqueous 
ethanol (ethanol: 5% - 20%). the fractions were separately identified by HPLC. the 
elutes containing Sequoyltol were merged, concentrated and dried in a rotary 
evaporator, and then recrystallized with ethanol and filtered to obtain a crystalline 
powder. The crystalline powder was dried by sucking, recrystallized with 95% 
ethanol for twice, filtered, and dried at 70 'C to obtain a Sequoyitol crystal with a 
yield of 0.07%. 

Fxamole 2: Pr e paration of nf >*iir»\ antive comnound Sequoyitol (2) 
70 kg cmde powder of Taxus spp was extracted with threefold volume 80% 
methanol for three times, the extracts were merged and concentrated to form a 
slurry solution; the slurry solution was further concentrated and dried in a rotary 
evaporator, and diphase extracted with 1:2 (v/v) ethyl acetate/water, the aqueous 
layers were merged, filtrated, loaded on a macroporous resin column (MN.200 
type), and gradient eluted with distilled water and aqueous ethanol (ethanol: 5% - 



20%), the elutes were separately identified by HPLC. the elutes containing 
Sequoyitol were merged, ooncentrated and dried by a rotary evaporator, 
recrystallized with acetone, and filtered to obtain a crystalline powder. The 
crystalline powder was dried by sucking, recrystallized with acetone : ethanol (1:1) 
for twice, filtered, and dried at 70 'C to obtain a Sequoyitol crystal with a yield of 
0.08%. 

Example 3: Preparation of natural activ a compound Sequoyitol (3) 
65 kg cmde powder of Taxus spp was extracted with fourfold volume 75% acetone 
for three times, the extracts were merged and ooncentrated to fomi a viscous 
solution; the viscous solution was further concentrated and dried In a rotary 
evaporator, and diphase extracted with 2:1 (v/v) dlchloromethane/water; the 
aqueous layers were merged, filtrated, loaded on an activated carbon column 
(phannaceutically acceptable standard), and gradient eluted distilled water and 
aqueous ethanol (ethanol: 5% - 30%), the elutes were separately Identified, the 
elutes containing Sequoyitol were merged, concentrated and dried in a rotary 
evaporator, recrystallized with methanol, and filtered to obtain a crystalline powder. 
The crystalline powder was dried by sucking, recrystallized with methanol for twice, 
tittered, and dried at 70 'C to obtain a Sequoyitol crystal with a yield of 0.07%. 

Example 4: Preparation of Seauovlto l capsules 
Prescription: 0.2 g per capsule, comprising 25 mg Sequoyitol. 

Microcrystalllne cellulose 1 75 g 

Sequoyitol 25g 



1000 capsules 
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Adjuvants were placed In a grinding container, and then Sequoyltol was added 
and ground for 10-30 minutes to obtain a uniform powder. The unlfonti powder 
was packaged into 1# capsules, and the content of each capsule was controlled at 
0.2 g by random sampling. 

Fxample 5: Preparation ftgn^tnvitQl tablets 

25 g of Sequoyltol. 49 g of microcrystalllne cellulose. 1 g of magnesium stearate 
were admixed sufficiently, and the mixture was processed by a single punch 
peliete to produce tablets having a diameter of 6 mm and a weight of 300 mg. 
Each tablet comprised 100 mg of Sequoyltol.^ 

Fxamole 6: Pr e paration nf .Qf-guovitQl granules 

20 g of Sequoyitol and 180 g of com starch were admixed sufficiently, then an 
suitable amount of 60% ethanol was added to fomr, a soft stuff. The soft stuff 
passed through a 12 mesh sieve, and dried to fomi granules. Each granule 
comprised 1 00 mg of Sequoyltol. 

The chemical stmcture of the natural compound obtained In Example 1 was 
identified as follows. 

1, structure identification ofthe natural compound 

The melting point of the natural compound was measured by a binocular 
mlcrx3-meltlng point detector (not con-ected); the infrared spectrum was 
measured by a Peridn-Elemer 983 Infrared spectrometer (KBr tablet); 
electrospray ionization mass spectrometry was measured by a LCQ type mass 
spectrometer of Finnlgan company; optical rotation was measured by a 
PE-241MC type polarimeter; nuclear magnetic resonance spectmm was 
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measured by a Brucer ACF-300 OH-NMR 300MHz) with TMS or DSS 
internal standard. 



The product obtained In Example 1 had the following physical/chemical data 
and spectra data: colorless aystai; MP 232-234 -C; IRv^^;ili(cm''): 3427. 3356. 
3188(0H). 1032(C-O-C); ESI(+) MS(m/z): 217.1IM+Nar; ^H-NMR (DzO+DSS. 
300MHz. ppm): 3.53(2H, dd. J=2.9. 10.0. H-1+H-3); 4.04(1 H. dd. J=2.9. 2.9. 
H-2); 3.67(1 H. dd. J=9.8. 0.7. H-4+H^). 3.05(1 H, dd. J=9,4, 9.4, H-5): 3.59(3H. 
8. O-Stb); '^OmR (D2O+DSS. 75MHz. ppm): 86.79(CH. C-5), 74.67(CH. 
C-2), 74.31(CHX2. C-4 and C-6). 73.69(CHX2, 01 and C-3). 62.27(Oetl3). 
The results indicated that the structure Is 5-O-methyl-myo-inositot, I.e.. 
Sequoyitol. 

2. Preparation of pentaacetyl-sequoyltoKAC'Sequoyitol) 

For. further confirming the structure of Sequoyitol. the pentaacetylaUon of 
Sequoyitol was carried out with AC2O under acidic condition to prepare the 
pentaacetyl derivatives of Sequoyitol (Ac-sequoyltol). and its structure was 
identified. 

Pp > P«r«tinn of reagent: 4 ml water was added to 1.0 ml AR grade condensed 
sulfuric acid to obtain a sulfuric acid solution, and 0.25 ml of said sulfuric acid 
solution was added to 12.6 ml of ApzO and mixed to unlfomilty. 

pr^naration of p^ntap^rH^M-seauo yitni rAr.-seauoviton: 200 mg of the product Of 

Example 1 was dissolved in 5.0 ml of said reagent, and reacted In a water bath 

at about 87 'C for 20 minutes; after cooled to room temperature, 100 mi of 

distilled water was slowly added with stirring, heated in a water both again at 
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about 87 'C for 20 minutes: after cooled to room temperature, the reaction 
mixture was transferred to a separating funnel, diphase extracted with CHjClj 
/H2O for three times; the CHzCiz layers were merged, evaporated to dryness In 
a fotaiy evaporator to obtain a colorless crystalline solid; the solid was 
recrystallized with ethyl ether/anhydrous ethanol to obtain a coloriess 
transparent massive crystal (I.e.. Ac-sequoyitol). 

3. Structure Identification of pentaacetyl-sequoyitol (Ao-sequoyltol) 

The compound Ac-sequoyitol Is a colorless massive crystal; MP 201-202 "G; 
C17H24O11. ESK+)MS(m/z): 427.1IM+Nar; ^H.NiVlR(CDCl3, 300MHz. ppm): 
5.54 (1H. t. J=2.8. H-2); 5.45(2H. t, J-10.06. H-4 and H-6): 5.01(2H. dd, J-2.8. 
10.5. H-1 and H-3); 3.42(1H, t. J-9.7. H-5). 3.45(3H. s. OCfcb) ; 2,16(3H. s. 
C2-OAC); 2.08(6H, s. OMX2); 1.e9(6H. s. 06qX2). ^C-NMRCCDCU. 75MH2. 
ppm): 169.85 (1C. C2-OCQCH3), 169.63 (2C. OSQCH3X2). 169.41 (2C. 
OCQCH3X2). 80.08 (1C. C-5). 70.60 (2C. CM+C^). 68.78 (2C. C-H-C-3). 
68.36 (1C. C-2). 60.02(1C. OCH3). 20.39. 20.67(total 6C. OCOCIdaXS). The 
^H-^H COSY ^H-^'C COSY, ^H-^^C COLOG long range conelated 
spectroscopy of Ac-sequoyitol were measured, and the and "Cdata of 
eaid compound were assigned. Compared with Sequoyltol, the molecular 
weight of Ac-sequoyitol was increased by 210 (corresponding to the mass of 5 
acetyl groups). The data indicated that Ac-sequoyltol was a pentaacetyl 
derivative of Sequoyitol and had the following structure formula: 




(") 
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4. X-ray single-crystal diffraction of Ao-sequoyltol 



For confirming the structure of Ac-sequoyltol, Its X-ray single-crystal diffraction 
of Ao-8©quoyitol was measured. The results of X-ray single-crystal diffraction of 
Ac-sequoyttol proved the structure of Ao-sequoyltol (see Fig. 1). Thus, the 
structure and relative configuration of Sequoyitol were confinned. 

The phamiacodynamic, toxicologlcal and general pharmacological studies of the 
natural compound (Sequoyitol) prepared In Example 1 were conducted as follows. 

I. Main phamiacodynamic experiments 

Experimental materials 

Animals: Kunming mice, 20-24 g of body weight 
SD rats, 230-290g of body weight, male 

Drugs and reagents: 
Sequoyitol (made by the Inventors) 
Phenformine (positive control, JIangsu JIntan Dmg Plant) 
Alloxan (Sigma Company. U.S.A.) 

Glucose detection kit (Shanghai Rongsheng Biological Technology Co. Ltd.) 
Gllbendamide (positive contnsi, Tianjin Pacific Ocean Phamiaceutical Co., Ltd.) 
Adrenaline Hydrochloride Injection (Wuhan Pharmaceutical Group Co., Ltd.) 
Hepatic glycogen detection kit (Nanjing JIancheng Bloenglneering Institute) 
50% Glucose Injection (JIangsu Changzhou Stated-owned Wujin Drug Plant) 
Cholesterol detection agent (Shanghai Rongsheng Biological Technology Co. 
Ltd.) 



Malonaldehyde detection kit (Nanjing Jlancheng Bloenglneering Institute) 
Protein detection kit (Nanjing Jiancheng Bloenglneering Institute) 
Triglyceride detectton Wt (Shanghai Rongsheng Biological Technotogy Co. Ltd.) 
Hepatocuprein detection kit (Nanjing Jiancheng Btoenglneering Institute) 
Insulin detection kit (Henan Jiaozuo Jiefang Immunodlagnosls Reagents 
Institute) 

Streptozocin (Lot 119 H1029. Sigma Company, U.S.A.) 

I. Experiments of time-effect relation of Sequoyltol to mouse hyperglycemia 
induced by alloxan 

1. Experimental methods'^*^ 

Alloxan was administrated to each of 30 mice by caudal vein injection with 
a dose of 65 mg/kg. and the mice were modeled according to the method 
of documents, divided Into 3 groups according to blood-sugar values, 
wherein 2 groups were per orally administrated with SO mg/kg of Sequoyitol 
and 75 mg/kg of phenfbmiine according to 0.1 ml/10g of body weight, and 
the modeling group was administrated with the same volum of distilled 
water, separately. These administrations were conducted for continuous 7 
days, and the mtee were fasted for 2 hours before the last administration, 
and their blood-sugar levels were detected by glucose oxidase method at 1. 
2, 3 and 5 hours after the last administration. 



2. Results 

As compared to the control group, the alloxan-induced hyperglycemia was 
alleviated after 1 hour of administration of 50 mg/kg Sequoyitol (decreased 
100.0 mg/dl). the alloxan-induced hyperglycemia was significantly 
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alleviated after 2 hours of administration (decreased 140.7 mg/dl). and the 
alloxan-induced hypei^lycemla was highly significantly alleviated after 3 
hours of administration (decreased 193.9 mg/dl) and after 5 hour of 
administration (decreased 174.6 mg/dl). The alloxanMnduced 
hyperglycemia was highly significantly alleviated after 1 hour (decreased 
163.1 mg/dl) and 2 hours (decreased 159.3 mg/dl) of administration of 
phenfbrmine. significantly alleviated after 3 hours (decreased 104.2 mg/dl). 
and alleviated after 5 hourB (decreased 66.6 mg/dl). Thus, the effect of 
alleviating hyperglycemia of 60 mgAcg Sequoyltol was higher than that of 
75 mg/kg phenformine. 

Effects of Sequoyltol on mouse hyperglycemia induced by alloxan 

1. Experimental methods^^-^ 

Among 60 mice, 10 mice were randomly selected as normal group, and the 
residual mice were administrated with 65 mg/kg alloxan by caudal vein 
injection, modeled according to the method of documents, and divided into 
6 groups according to btood-sugar values, wherein 4 groups were perorally 
administrated with 25. 50 and 100 mgA^g of Sequoyltol and 75 mg/kg of 
phenfbmilne according to 0.1 ml/lOg of body weight, respectively, and the 
nomial gmup and modeling group were administrated with the same volum 
of distilled water, separately. These administrations were conducted for 
continuous 7 days. The blood-sugar levels were detected by glucose 
oxidase method. The pancreatic glands of the mice were soaked in 10% 
formalin, embedded with paraffin, sliced, and dyed with HE dye. 

2. Results 
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As compared to normal group, the blood-sugar level of the mice of the 
control group highly significantly Increased (Increased 308.2 mg/dl). As 
compared to the control group, the hyperglycemia of 25 mg/Kg Sequoyltol 
group was alleviated, and the alloxan-induced hyperglycemia of 50 and 
100 mg/kg of Sequoyltol groups and phenfomilne group was highly 
significantly alleviated. The effect of Sequoyltol for alleviating 
hyperglycemia was dose dependent The effects of 100 mg/kg of 
Sequoyltol group (decreased 306.8 mg/dl) and 50 mg/kg of Sequoyltol 
group (decreased 195.2 mg/dl) were superior to that of 75 mgflcg 
phenfom^ine group (decreased 162.8 mg/dl). The histopathologic 
examination of pancreatic glands indicated that the pancreatic islands of 
nonnal group were massive cords shape with clear boundary, wherein Islet 
cells were polygonal shape with abundant cytoplasm and a central round 
nucleus. There were a great number of pancreatic Islands and a great 
number of cells in Islands. Interatitiai small vessels did not significantly 
change, and inflammatory cell Infiltration was not obvious. As to the control 
group, the number of pancreatic Islands decreased significantly, the size of 
pancreatic Island reduced, the number of cells In pancreatic Island 
decreased, and size of said cells reduced, the hyalinlzatlon of interstitial 
small vessels and Inflammatory cell Infiltration were obvious. As compared 
to the model group, the number of pancreatic Islands and the number of 
islet cells of Sequoyltol groups increased significantly, while the number of 
pancreatic islands and the number of Islet cells of phenf<>nnlne group 
Increased slightly. The results of histopathologic examination conflm^ed 
that the effect of Sequoyltol was superior to that of phenformlne. 



III. 



Effect of Sequoyltol on blood-sugar level of normal mice 
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1. Experimental method''' 

60 Mice were randomly divided into 5 groups, wherein 4 groups were 
. orally administrated with 25. 50 and 100 mg/kg of Sequoyitol and 50 mg/kg 
of Glibenclamide accortling to 0.1 mi/10g of body weight, respectively, and 
the normal group was administrated with the same volum ofthe same 
volum of distilled water. These administrations were conducted for 
continuous 7 days. The blood-sugar levels were detected by glucose 
oxidase method. 



2. Results 

The blood-sugar levels of Sequoyitol groups (25. 50. 100 mg/kg) and the 
normal group (139,0 ± 17.8 mg/dl) were not significantly dItTerent. while the 
blood-sugar level of Glibenclamide group (decreased 19.3 mg/dl) was 
significantly lower than that of the nonfnal group. 

IV. Effect of Sequoyitol on mouse hyperglycemia induced by adrenalin 

1. Experimental methods^' 

72 Mice were randomly divided into 6 groups, wherein 4 groups were orally 
administrated with 25, 50 and 100 mg/kg of Sequoyitol and 10 mg/kg of 
Glibenclamide according to 0,1 ml/lOg of body weight, respectively, and 
the nomial group and modeling group were administrated with the same 
volum of distilled water. These administrations were conducted for 
continuous 7 days. The nomnal group was administrated with the same 
volum of physiological saline by injection, while other groups were 
administrated with 0.2 mg/kg of adrenalin by Intra-abdominal injection. The 
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blood-sugar levels were detected by glucose oxidase method after 30 
minutes of administration. The livers of the mice were collected, and 
hepatic glycogen levels were detected by enthrone method. 

2. Results 

AS compared to normal group, the blood-sugar level of the mice of the 
control group highly significantly increased. As compared to the control 
group, the adrenalin-Induced hyperglycemia of Sequoyltol groups 
(decreased 32.2. 35.5, 39.9 mg/dl) and Gllbendamlde group (decreased 
40.1 mg/dl) was significantly alleviated. In the meantime, the hepatic 
glycogen level of the control group highly significantly decreased. As 
compared to the control group, the 25 mg/kg of Sequoyitol group 
(increased 1.76 mg/g of liver tissue) and the 100 mg/kg of Sequoyitol group 
(increased 1.24 mg/g of liver tissue) highly increased the hepatic glycogen 
level, while the 20 mg/kg of Sequoyitol group (increased 1.24 mg/g of liver 
tissue) and Glibendamlde group (Increased 1.28 mg/g of liver tissue) 
significantly Increased the hepatic glycogen level. 

Effect of Sequoyitol on mouse hyperglycemia induced by glucose 

1. Experimental method^'*' 

72 Mice were randomly divided Into 6 groups, wherein 4 groups were orally 
administrated with 25. 50 and 100 mg/kg of Sequoyitol and 75 mg/kg of 
phenfomiine according to 0.1 ml/lOg of body weight, respectively, and the 
nomwl group and modeling group were administrated with the same volum 
of distilled water. These administrations were conducted for continuous 7 
days. The normal group was administrated with the same volum of 
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physiological saline by injection, while other groups were administrated 
with 2 mg/kg of glucose by Intra-abdominal injection. After 30. 60. 90 and 
120 minutes of administration, bloods were collected from venous plexus 
behind fossa orbitalis. the serums were separated, and the blood-sugar 
levels were separately detected by glucose oxidase method. 

2. Results 

As compared to normal g«,up. the blood-sugar level of the mice of the 
control group highly significantly Increased after 30, 60. 90. 120 minutes of 
administrating glucose by intra-abdominal injecOon. As compared to the 
control group, the glucose-induced hyperglycemia of 25 and 50 mg/kg 
Sequoyltol groups was significantly alleviated after 30, 60. 90 minutes of 
administrating glucose by Intra-abdominal Injection: the glucose-induced 
hypeiglycemla of the 100 mg/kg of Sequoyltol group and the phenfom^me 
g,x>up was highly significantly alleviated after 30. 60. 90. 120 minutes of 
edministrating glucose by intra-abdominal Injection; the effect of 
sequoyltol was essentially dose dependent and the effect of 100 mgfl<g of 
Sequoyltol for alleviating hyperglycemia (90 minutes, decreased 24.5 mg/di) 
was equivalent to that of 75 mg/kg phenfonnine. 

Effect of Sequoyltol on rat hyperglycemia Induced by alloxan 
Experimental methods'^'*' 

5 Rats were randomly selected as normal group, the other 55 rats were 
fasted for 14-16 hour«. administrated with 30 mg/kg of Pentobarbital by 
intra-abdominal Injectton. After paralyzed, the rats were administrated with 
48 mg/kg of alloxan by vena femoraiis injection, modeled according to 
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^.ethods of documents, and divided into 5 groups according to blood-sugar 
level. Wherein each group had 11 rats, and 4 groups were orally 
administrated with 25. 50 and 100 mgAcg of Sequoyltol and 75 mg/kg of 
phenfomiine according to 1 ml/100g of body weight, respectively, and the 
nomial group and modeling group were administrated with the same 
volum of distilled water. These administrations were conducted for 
continuous 18 days. The fasting blood-sugar levels of the rats were 
separately measured at 6^ and 12'*' day after the administration. At the 18 
day blood was collected from arteria femoralls. and the blood sugar level, 
insulin level, cholesterol content, triglyceride content, malonaklehyde 
content, and hepatocuprein activity of serum were measured; liver tissue 
was homogenated. and the malonaldehyde content, and hepatocuprein 
activity of liver tissue were measured; and pancreatic gland was soaked in 
10% fornialln. embedded with paraffin, sliced, and dyed with HE. 

2. Results 

AS compared to nom^al group, the blood-sugar level of the rats of the 
control group highly significantly increased. As compart to the control 
group the alloxan-induced hyperglycemia of 25 mg/kg Sequoyitol group 
was significantly alleviated at the day alter the administration, and 
highly significantly alleviated at the 18- day after the administration 
(decreased 194.4 mg/dl). The alloxan-lnduced hyperglycemia of 50 mg/kg 
sequoyitol group (decreased 129.1. 200.7. 223.1 mg/dl separately at 6^ 
12"^ and 18*^ day). 100 mg/kg Sequoyitol group (decreased 120. 218.2. 
240 3 mg/dl separately at 6^ 12*» and 18*^) and phenfbmnlne group was 
highly significantly alleviated since the 6*^ day alter the administratton. The 
effect of Sequoyitol for alleviating hyperglycemia was essentially dose 
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dependent. 



A8 compared to normal group, the eemm insulin level of rats of the control 
group significantly decreased. As compared to the control group, the insulin 
levels of 25 mg/kg Sequoyitol group (Increased 1.01 plU/ml). 50 mg/kg 
Sequoyltol gtx)up (Increased 1.45 ulU/ml) and phenformino group 
increased, and the Insulin levels of 100 mg/kg Sequoyitol group (Increased 
3.36 MlU/ml) significantly increased. The effect of Sequoyitol was 
essentially dose dependent. 

As compared to nom,al group, the contents of triglyceride and cholesterol 
In serum of rats of the control group highly significantly increased. As 
compared to the control gn>up. the contents of triglyceride and cholesterol 
in serum of Sequoyitol g«>ups (50 mg/kg group, the contents of triglyceride 
and cholesterol in serum separately decreased 15.7 end 22.2 mg/dl) 
significantly or highly significantly decreased. The contents of triglyceride 
and cholesterol In semm of phenfomiine group did not significantly change. 

As compared to normal group, the content of malonaidehyde in serum of 
rats of the control group significantly Increased, and in the meantime, the 
content of malonaidehyde In liver tissue of rats of the control group 
significantly Increased. As compared to the control group, the content of 
malonaidehyde in senjm of Sequoyitol groups (100 mg/kg group, the 
content malonaidehyde In semm decreased 4.13 nmol/dl) highly 
significantly decreased. In addition, the content of maionaWehyde In liver 
tissue of 100 mg/kg Sequoyitol group significantly decreased (decreased 
4.29 nmol/mg pvoi). The effect of Sequoyltol was essentially dose 
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dependent. The contents of malonaldehyde In semm and liver 
phenformine group merely decreased slightly. 



As compared to normal group, the activity of hepatocuprein in serum and 
liver tissue of rats of the control group signlflcantiy decreased. As 
compared to the control group, the activity of hepatocuprein In semm of 
Sequoyltol groups (100 mgrt<g group, Increased 65.0 NU/mi) increased. 
The activity of hepatocuprein In liver tissue of the 100 mg/kg Sequoyltol 
group Increased (100 mg/kg group. Increased 18.3 NU/mg prot). The 
activity of hepatocuprein in serum and liver tissue of phenfomilne group did 
not significantly change. 

As compared to normal group, the body weight of rats of the control group 
significantly decreased. As compared to the control group, the body weight 
of diabetes rats of 25 mg/kg Sequoyltol group increased at the 15*" day. 
significantly increased at the 17«' day. The body weight of diabetes rats of 
50 and 100 mg/kg Sequoyltol groups increased at the IS*" day. signlfteantly 
increased since the 1 5* day. The body weight of rats of phenformine group 
did not significantly change. 

The histopathotogic examination of pancreatic glands indicated that the 
pancreatic islands of normal group were massive himantold shape with 
clear boundary, wherein Islet cells were polygonal shape with abundant 
ketoplasm and a central round nucleus. There were a great number of 
pancreatic Islands and a great number of cells in Islands. Interstitial small 
vessels did not significantly change, and no obvtous inflammatory cell 
Infiltration was observed. As to the control group, the number of pancreatic 
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islands decreased significantly, the size of pancreatic island reduced, the 
number of cells In pancreatic Island decreased, and the size of said cells 
reduced, the hyallnlzatlon of Interstitial small vessels and InflammaloFy cell 
infiltration were obviously obsen/ed. As compared to the model group, the 
number of pancreatic islands and the number of cells in pancreatic Islands 
of Sequoyltol groups Ihcreased significantly, and In 50 and 100 nngA<g 
Sequoyltol groups, the hyallnlzatlon of interstitial small vessels was 
alleviated and inflammatory cell Infiltration reduced. The effect of 
Sequoyltol fbr alleviating hyallnlzatlon of Interstitial small vessels was 
superior to that of phenformine. 

Vli. Effect of Sequoyltol on mouse hyperglycemia Induced by Streptozocin 

1. Experimental methods^'-'J 

Among 66 mice, 10 mice were randomly selected as nom»al group, and the 
residual mice were administrated with 160 mg/kg Streptozocin by vena 
caudalis injection, modeled according to methods of documents, and 
divided into 5 groups according to blood-sugar level, wherein 4 groups 
were perorally administrated with 25. 50 and 100 mg/kg of Sequoyitol and 
76 mg/kg of phenformine according to 0.1 ml/lOg of body weight, 
respectively, and the normal group and modeling group were administrated 
with the same volum of distilled water. Tliese adminlstrettons were 
conducted for continuous 1 8 days. The blood-sugar levels of the mice were 
separately measured at e"' and 12*^ day aflerthe administration. At the 18*^ 
day. blood was collected by excising eyeballs, semm was separated, and 
the blood sugar level. Insulin level, cholesterol content, triglyceride content, 
malonaldehyde content, and hepatocuprein activity of senjm were 
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measured; liver tissue was homogenated, and the malonaldehyde content 
and hepatocuprein activity of liver tissue were measured; and pancreatic 
gland was soaked In 10% formalin, embedded with paraffin, sliced, and 
dyed with HE, 



2. Results 

As compared to nomial group, the blood-sugar level of the mice of the 
control group highly significantly Increased. As compared to the control 
group, the streptozocln-lnduced hyperglycemia of Sequoyitol groups and 
phenfom^ine group was slgnlf«antly alleviated at the day after the 
administration (50 mg/kg group, decreased 121.4 mg/dl). 

As compared to normal group, the serum Insulin level of mice of the control 
group significantly decreased. As compared to the control group, the insulin 
levels of 25 mg/kg Sequoyitol group and phenfomnine group increased, and 
the insulin levels of 50 and 100 mg/kg Sequoyitol groups (100 mg/kg group, 
increased 6.53 plU/ml) significantly Increased. 

AS compared to nomial group, the contents of triglyceride and cholesterol 
in serum of mice of the control group significantly increased. As compared 
to the control group. In 25 and 50 mg/kg Sequoyitol groups, the content of 
triglyceride In semm significantly decreased, and the content of cholesterol 
in semm decreased; in 100 mg/kg Sequoyitol group, the content of 
triglyceride In semm highly significantly decreased, and the content of 
cholesterol in semm significantly decreased. The effect of Sequoyitol was 
essentially dose dependent. The contents of triglyceride and cholesterol In 
semm of phenformine group did not significantly change. 
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AS compared to normal group, the content of malonaldehyde In liver tissue 
of mice of the control group significantly Increased. As compared to the 
control group, the content of malonaldehyde in liver tissue of 25 and 50 
mg/kg SequoyRol groups significantiy decreased; and the content of 
malonaldehyde in liver tissue of 100 mg/kg Sequoyitol group highly 
significantly decreased; white the content of malonaldehyde in liver tissue 
of phenfomiine group did not significantly change. 

AS compared to normal group, the activity of hepatocuprein In serum of 
mice of the control group significantly decreased. As compared to the 
control group, the activity of hepatocuprein in serum of Sequoyitol groups 
highly significantly increased, while the activity of hepatocuprein in serum 
of phenfbrmine group did not significantly change. 

AS compared to nomial group, the body weight of mice of the control group 
significantly decreased. As compared to the control group, the body weight 
of diabetes mice of 25 mg/kg Sequoyitol group increased since the 1 1"' day. 
The body weight of diabetes mice of 50 and 100 mg/kg Sequoyitol groups 
significantly Increased since the day. while the body weight of mice of 
phenformlne group did not significantly change. 

The histopathologic examination of pancreatic glands Indicated that the 
pancreatic islands of normal group were massive cords shape with clear 
boundary, wherein Islet cells were polygonal shape and has abundant 
cytoplasm and a central round nucleus. There were a great number of 
pancr^tic islands and a great number of cells In islands. Interstitial small 
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vessels did not significantly change, and no obvious Inflammatory cell 
Infiltration was observed. As to the control group, the number of pancreatic 
islands decreased significantly, the size of pancreatic Island reduced, the 
number of cells In pancreatic Island decreased, and the size of said cells 
reduced, the hyalinlzation of Interstitial small vessels and inflammatoTy cell 
infiltration were obviously obsen^ed. As compared to the model group, the 
number of pancreatic Islands and the number of cells in pancreatic Islands 
of Sequoyitol groups increased significantly, and the Inflammatory cell 
infiltration was inhibited. Further, the hyallnization of Interstitial small 
vessels In 100 mg/kg Sequoyitol group was alleviated. In the phenfbmrilne 
group, the number of pancreatic islands and the number of cells In 
pancreatic islands merely slightly increased, and the hyalinlzation of 
interetltial small vessels was not alleviated. The results of histopathologic 
examination confimied that the effect of 50 and 100 mg/kg Sequoyitol was 
superior to that of 75 mg/kg phenfomnine. 

Conclusion of phamiacodynamte experiments 

The phannaoodynamfc studies of Sequoyitol to blood-sugar of nomial mice, 
alioxan-lnduced hyperglycemia mice and rats, adrenalin model mice, 
glucose-induced hyperglycemia mice, and Streptozodn-lnduoed hyperglycemia 
mice indicated that: Sequoyitol did not significantly affect the blood-sugar of 
nomial mice, but significantly alleviated the hyperglycemia Induced by adrenalin, 
increased hepatic glycogen level, had significantly sugar resistant efftect to 
hyperglycemia Induced by glucose. The blood-sugar level of body was maintained 
by the dynamic equiiibrtum between the absorption, utilization and conversion, 
storage of glucose In blood to control the generation and metabolism of blood 
sugar, besides Insulin that rogulates the metabolism of Carbohydrate In body to 



maintain blood sugar level, the decomposition and synthesis of hepatic glycogen 
arB also Important factors for i«gulatlng blood sugar level. Adrenalin does not 
directly destroy islet P cells, does not affect the secretion of Insulin, but promotes 
the decomposition of hepatic glycogen and Increases blood sugar level by irritaOng 
a and P receptor*. Since Sequoyltol did not significantly affect the blood sugar 
level of nomial mice. It is hinted that Sequoyitol does not significantly affect the 
nomial gluooseHnetabollsm. but significantly Inhibits the decomposition of hepatic 
glycogen and the absorption of glucose. 

Alloxan and Streptozocin selectively destroy Islet p cells so that the secretion of 
Insulin is insufficient, conditions like human diabetes are caused, and the animals 
have symptoms such as polyuria, polydipsia, extenuation, and significant 
blood-sugar Increase. In the Alloxan and Streptozocin mice models, the levels of 
blood-sugar, semm triglyceride, cholesterol, malonaldehyde significantly Increased, 
and the serum insulin level and hepatocupreln activity significantly decreased. 
Sequoyltol was able to decrease the elevated blood-sugar, semm triglyceride, 
cholesterol, and malonaldehyde contents, and to increase the serum Insulin level 
and hepatocupreln activity (phenformine Is lacK of such effects). According to 
studies in the recent years, the metabolism of free radicals takes part In the 
occurrence and development of diabetes, the free radicals increase during diabetic 
state, the peroxldlzatlon degree of tissue lipid Is seriously high, which exacertjate 
the tissue damage and complications. Sequoyitol improves the metabolism of free 
radicals, reduces the attack of free radicals at tissue and blood to lipoproteins and 
unsaturated fatty acid residues, and alleviates the peroxldlzatlon of lipid, so that 
the damage of free radicals during the occurrence and development of diabetes Is 
alleviated. Since Sequoyltol decreased seaim cholesterol and triglyceride contents. 
It is hinted that Sequoyltol has certain effects for prevention and treatment of 



complteations In tem>s of diabetic cardiovessel and cerebrovessel . and for 
p,«ventlon of fatty liver in diabetics. Sequoyltol did not significantly affect the 
blood-sugar of nom«ii mice, but elevated the decreased Insulin level, and the 
results of pathological studies indicated that Sequoyltol alleviated the damage of 
pancmatic Island caused by alloxan or Streptozocin. which hinted that Sequoyltol 
did not stimulate Islet p ceils to release insulin, but protected islet p cells and 
promoted the functional recovery or regeneration of Islet p ceils. 

The above results Indicate that Sequoyltol did not reduce the blood-sugar level of 
nonnal mice, but inhibited the decomposition of hepatic glycogen and the 
absorption of glucose, and was able to treat Alloxan and Streptorocin diabetes 
models, to protect Islet p ceils, to reduce blood fat. and to Improve the metabolism 
of free radicals. The Sequoyltol has highly significant phamiacodynamic action, 
prominent features and obvious advantages, and can be used for treatment of 
diabetes. 
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Studies on toxicology 

Test of acute toxicity by oral admlnlstratton 

1) Experimental method 

20 Nonnal mice (half male and half female) were divided Into two 
groups (each group had 10 mice), and dreriched with 18.95 g/kg and 
9.47 gfkQ one time, wherein the higher dose reached the maximum 
concentratfon and the maximum administration volume. The animals- 
responses were observed. The mice were executed after 7 days, and 
their organs were macroscopically observed. 



2) Experimental results 

All mice dW not die. and had better health status, gloss fur. bright eyes, 
and good rang of motton. The mice were executed after 7 days, and 



their main organs were free of abnormality under macroscopic 
obsen^atlon. Since Sequoyitol has a very low toxicity or even is 
nontoxic, the LDso of mice by oral administration of Sequoyitol was not 
detemnlned. 

2. Test of the maximum tolerance by oral administration 

1) Experimental method 

20 Nomial mice (half male and half female) were fasted and 
admlnlstiBted with Sequoyitol twice within 24 hours, the interval period 
was 8 hours, and 37.9 fl/kg was administrated In one day. The animals' 
responses were observed. The mice were executed after 14 days, and 
their organs were macroscopically observed. 



2) Experimental results 

All mice did not die. and had better health status, gloss fur. bright eyes, 
and good rang of motion. The mice were executed after 14 days, and 
their main organs were free of abnom^ality under macrx>scopic 
observation. 

3. Test of acute toxicity by intravenous administration 
1) Experimental method 

20 Normal mice (half male and half female) were administrated with 
5.04 g/kg Sequoyitol (which reached the maximum concentration and 
the maximum Intravenous administration volume) by intravenous 
Injection. The animals' responses were observed. The mice were 
executed after 14 days, and their organs were macroscopically 
observed. 
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2) Experimental results 

All mice had better health status, gloss fur. bright eyes, and good rang 
of motion. The mice were executed after 14 days, and their main 
organs were free of abnomriallty under macroscopic observation. Since 
Sequoyltol has a very low toxicity or even is nontoxic, the LD50 of mice 
by Intravenous administration of Sequoyltol was not determined. 

References for toxioologlcal studies 
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III. Studies on general phanmacology 

The effects of Sequoyitoi on general physical signs and spontaneous 
movement of normal mice, on Pentobarbital hours of sleep of mice, and on 
respiratory movement, blood pressure, cardiac rtiythm and electrocardiogram 
of rats were observed. The results indicated that Sequoyitoi did not 
significantly affect the spontaneous movement of mice, the Pentobarbital 
hours of sleep of mice, and the respiratory movement, blood pressure, cardiac 
rhythm and electrocardiogram of rats. 



